Severe immunosuppression is an established risk factor for non-Hodgkin lymphoma (NHL), but an association with subclinical immune dysfunction is unclear. We conducted a case-control study nested in the Physicians' Health Study and the Nurses' Health Study cohorts to determine whether patterns of antibody response to Epstein-Barr virus (EBV) were associated with NHL risk. We measured antibody titers against viral capsid antigen, early antigen, and Epstein-Barr nuclear antigen (EBNA-1 and EBNA-2) in blood samples collected before diagnosis from 340 cases and 662 matched controls. Using conditional logistic regression, we estimated rate ratios (RRs) and 95% confidence intervals (CIs) for elevated versus normal titers and the ratio of anti-EBNA-1 to anti-EBNA-2 titers (< 1.0 vs > 1.0). We found no association between EBV serostatus, elevated titers, or an EBNA-1/EBNA-2 ratio < 1.0 and NHL risk overall. For chronic lymphocytic leukemia/small lymphocytic lymphoma, suggestive associations were noted for elevated anti-EBNA-2 (RR, 1.74; 95% CI, 0.99-3.05), anti-viral capsid antigen (RR, 1.58; 95% CI, 0.79-3.14), and EBNA-1/EBNA-2 ratio < 
Introduction
In the United States, 81 470 new cases of non-Hodgkin lymphoma (NHL) were expected to be diagnosed in 2009. 1 The most established risk factor for NHL is immune deficiency, including inherited and acquired immunosuppression. Certain infections have also been linked to specific NHL subtypes. Most NHL diagnoses, however, occur in apparently immunocompetent persons with no known risk factors.
Epstein-Barr virus (EBV) is a ubiquitous herpesvirus that infects Ͼ 90% of the human population and establishes persistent (lifelong) latent infection in the host. 2 The serologic responses to EBV infection have been well characterized. 3 Primary infection is usually asymptomatic, although a subset of persons in whom primary infection is delayed until adolescence or young adulthood develop infectious mononucleosis (IM). 4 On primary infection with EBV, antibodies to viral antigens expressed during lytic replication, viral capsid antigen (VCA) and early antigen (EA), appear first. 3 Antibodies to Epstein-Barr nuclear antigen-2 (EBNA-2) are the first to emerge against a latent cycle antigen. These reach peak levels and then decline over subsequent months to persistent low or nondetectable levels. 3 Anti-EBNA-1 is first apparent after anti-EBNA-2 and gradually increases in titer, ultimately reaching a level that persists indefinitely. 3 EBV persists as a latent infection in memory B lymphocytes, 5 although reactivation of the virus commonly occurs, usually without symptoms. 6 Of relevance to the present study, immunocompromised persons and those with chronic IM display an altered EBV serologic profile characterized in part by persistently elevated anti-EBNA-2 titers and reduced anti-EBNA-1 titers. 3, 7 In addition, compared with healthy controls, patients with chronic EBV, NHL, Hodgkin lymphoma, and nasopharyngeal carcinoma have higher titers of immunoglobulin G (IgG) antibodies to VCA and EA. 7 Patients with severe clinical immune deficiencies also show high anti-VCA and anti-EA titers, a pattern consistent with compromised cellular immune control of EBV. 8 Although EBV infection is benign in most persons, EBV is a known carcinogen 9 and has been specifically linked to the etiology of nasopharyngeal carcinoma, Hodgkin lymphoma, endemic Burkitt lymphoma, nasal T/natural killer-cell lymphomas, and several rare AIDS-and associated posttransplantation B-cell lymphomas. 10 There is strong evidence that EBV infection in combination with severe immune dysfunction is associated with increased risk of NHL. 11 A causative role of EBV in more common NHL subtypes and in the absence of severe immune deficiency is suspected but remains unproven. An abnormal antibody response to EBV could serve as either an indicator of EBV involvement in NHL development or a nonspecific marker of underlying (ie, subclinical) immune dysfunction.
Few studies have examined the association of EBV with NHL in patients not known to be immunosuppressed. [12] [13] [14] [15] [16] [17] Although these studies provide some evidence that NHL cases as a group may have abnormal antibody responses to EBV before disease, the specific pattern is not clear and the laboratory assays are not mutually comparable. To test the hypothesis that profile of antibody response to EBV is associated with risk of NHL, we conducted a nested case-control study that used prospective blood samples from men and women in the Physicians' Health Study (PHS) and Nurses' Health Study (NHS) cohorts. We evaluated these associations of EBV antibody profile with all NHL and with common subtypes of NHL as defined by the World Health Organization (WHO) classification of lymphomas. 18 
Methods

Study population
The present study was conducted in the PHS and the NHS cohorts. The PHS began in 1982 as a randomized trial of aspirin use and ␤-carotene in the primary prevention of cardiovascular disease and cancer among 22 071 US male physicians ages 40-84 years at enrollment. 19 Baseline information, including age, smoking history, weight, height, and race, was collected by self-administered questionnaire. Follow-up in the PHS is 97% complete for morbidity and mortality. 20 Between August 1982 and December 1984 (before randomization), 14 916 men provided a baseline blood sample with the use of blood collection kits sent to the participants. Plasma and whole blood specimens were received in our laboratory on chill packs within 24 hours of being drawn. On arrival, the samples were refrigerated, redivided into aliquots, and frozen at Ϫ82°C.
The NHS was established in 1976 when 121 700 female registered nurses aged 30-55 years living in 11 US states completed a selfadministered questionnaire on risk factors for cancer and other diseases. Every 2 years, questionnaires have been sent to cohort members to update information on potential risk factors and to identify newly diagnosed cancers and other diseases. Vital status is ascertained through next of kin and the National Death Index; both methods identified an estimated 98% of deaths in the cohort. 21 From May 1989 to September 1990, blood samples were collected from a subcohort of 32 826 women in the NHS by overnight courier; 97% of samples arrived within 26 hours of being drawn. On arrival, samples were centrifuged and redivided into aliquots of plasma, white blood cell, and red blood cell components and stored at Ϫ130°C.
Incident NHL diagnoses, including those of chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL/SLL), in the PHS and NHS blood subcohorts were identified by follow-up questionnaires and were confirmed by review of medical records and pathology reports. We excluded men and women with a diagnosis of NHL before or within 6 months of blood collection and those with a prior diagnosis of cancer (other than nonmelanoma skin cancer). Histologic subtype was determined according to the WHO classification. 18 Specifically, diagnoses were made on the basis of morphology and immunophenotype information available in medical records and pathology reports and represented the consensus opinion of 2 hematopathologists. Immunophenotype was not required for tissue diagnoses of CLL/SLL or follicular lymphoma, which can be reliably diagnosed by morphology alone. 18 We identified 350 NHL cases (205 men and 145 women) diagnosed between 1982 and 2003 with available blood samples; of these, 79 were CLL/SLL, 66 were diffuse large B-cell lymphoma (DLBCL), and 54 were follicular lymphoma (FL). The remaining cases included 72 patients with uncommon or unspecified B-cell histology, 19 patients with T-cell lymphoma, and 50 patients who were determined to have NHL on the basis of morphology alone but lacked adequate phenotyping to assign the tumor to the B-or T-cell lineage.
For each case, 2 control subjects with no history of cancer (except nonmelanoma skin cancer) were selected at random from among the PHS and NHS participants who were of the same sex, race, and age at baseline (Ϯ 1 year), who provided a blood sample at the same time (Ϯ 1 month), and who were at risk of NHL at the same time a case occurred. Cases and controls were also matched on fasting status at blood draw. This study was approved by the Institutional Review Board of Brigham and Women's Hospital, and all participants provided written informed consent at initial enrollment in accordance with the Declaration of Helsinki.
Laboratory analyses
Analyses were done at the Swedish Institute for Infectious Disease Control Department of Virology laboratory. Laboratory personnel were blinded to case-control status. The laboratory methods have been described in detail elsewhere. 22, 23 IgG antibodies to EBV VCA and EA (diffuse and restricted) were determined by indirect immunofluorescence. For samples with detectable anti-EA-restricted and anti-EA-diffuse IgGs, the higher value was taken to be the titer against EA, as in other studies. 24 IgG antibodies against EBNA-1 and EBNA-2 were determined by enzyme-linked immunosorbent assay. Antibody titers are reported as the reciprocal of the highest of serial 2-fold dilutions to yield a positive reading on immunofluorescence. Persons were considered EBV seropositive (reflecting past infection) if the IgG antibody titer to VCA was Ն 1:20. Ten NHL cases (6 from the PHS cohort and 4 from the NHS cohort) showed nonspecific serum reactivity to EBNA and were removed from analyses along with their matched controls. Seventeen additional control subjects (13 from the PHS cohort and 4 from the NHS cohort) also showed nonspecific serum reactivity to EBNA and were removed from analyses.
Plasma sample sets were constructed to contain matched triplets of cases and controls (with the order of samples randomized within a given set). In addition, every batch included a pair or triplet from a plasma pool used for quality control (QC). To assess the reproducibility of the titers in QC samples, we expressed the titers as the number of serial dilutions and computed the difference in dilutions between repeat samples by assay batch. We observed good reproducibility of the EBV antibody assays; intrabatch dilution differences in titers were 0 or 1 for most of the 37 batches (range, 62% for anti-EA to 92% for anti-EBNA-2). Titer measurements varied by 2 dilutions in a minority of batches; only one batch (in the NHS cohort) resulted in Ն 3 intrabatch dilution differences between QC samples for anti-EBNA-1, anti-EBNA-2, and anti-VCA. We performed sensitivity analyses, excluding this batch.
Statistical analyses
We classified abnormal EBV antibody titers on the basis of the distribution of controls who were EBV seropositive, whom we identified on the basis of a positive titer (ie, Ն 1:20) for anti-VCA. Specifically, "elevated" antibody titers were defined as those at the upper 15% (or nearest cutoff) of the respective distribution, which corresponded to anti-VCA Ն 1:10 240, anti-EA Ն 1:640, anti-EBNA-2 Ն 1:80, and anti-EBNA-1 Ն 1:320. We classified the ratio of titers against EBNA-1 and EBNA-2 (EBNA-1/ EBNA-2 ratio) as Ͼ 1.0 versus Յ 1.0 ("low"). The low ratio occurs primarily in persons with chronic or severe EBV infection, probably due to poor host immune control. 3 For each EBV antibody variable, we used conditional logistic regression, stratifying on the matched case-control triplets, to estimate odds ratios (ORs) and 95% confidence intervals (CIs) for elevated titers or a low EBNA-1/EBNA-2 ratio relative to the corresponding less extreme titers among EBV-seropositive persons. We also calculated the relative risk of NHL for EBV-seronegative persons compared with EBV-seropositive persons. Because of the nested case-control study design, the OR is an unbiased estimate of the incidence rate ratio (RR); therefore, we use the term RR. Analyses were performed for men and women separately and combined. We assessed statistical heterogeneity between men and women by likelihood ratio tests that compared models with interaction terms for joint levels of the exposure and cohort to main-effects-only models.
In separate analyses, we modeled the base 2 logarithm of the reciprocal of the dilution of the antibody titers as a continuous variable. On this scale, the regression coefficient estimates the logarithm of the RR associated with a 2-fold difference in titers; we doubled and exponentiated the coefficient to estimate the RR associated with a 4-fold difference. We excluded EBVseronegative persons from these analyses; if titers to antibodies other than VCA were nondetectable, we calculated the base 2 logarithm of half of the minimum detectable titer. We also examined the possibly nonlinear relation between EBV antibody titers and the RR of NHL with restricted cubic splines. 25 Tests for nonlinearity were performed with the use of the likelihood ratio test, comparing nested models with only the linear term with the model including the linear and the cubic spline terms.
Multivariable conditional logistic regression models that included height as a continuous variable and indicator variables for smoking (never, past, current), body mass index (Ͻ 25, 25-29.9, Ն 30 kg/m 2 ), and tertile of polychlorinated biphenyl concentration were used to assess possible confounding by these factors. These covariates were chosen on the basis of observed relationships with EBV antibodies or NHL and for consistency with previously published studies in this field. [26] [27] [28] [29] To evaluate a possible latency effect, we conducted unconditional logistic regression analyses of EBV serostatus and category of a given EBV antibody titer within strata of follow-up time dichotomized as Ͻ 5 years versus Ն 5 years from baseline, controlling for the matching factors (ie, sex, baseline age, month and year of blood draw, race/ethnicity, and fasting status) in a multivariable model. Effect modification was assessed by the likelihood ratio test that compared models with an interaction term with a main-effects-only model. Possible effect modification by age, dichotomized at the median age at diagnosis in cases (66.7 years), was evaluated in the same manner.
The main analyses included all cases of NHL. We also performed separate analyses for the most common WHO-defined subtypes, that is, CLL/SLL, DLBCL, and FL. Other subtypes were represented by too few cases for meaningful analysis. To improve statistical efficiency, we performed unconditional logistic regression, adjusting for the matching factors in a multivariable model, in these analyses so that we could use all the controls. We used polytomous logistic regression to test for heterogeneity in effect estimates by NHL subtype.
All statistical tests were 2-sided and assumed an ␣ error of .05. Analyses were performed with SAS Version 9 for UNIX (SAS Institute Inc).
Results
After excluding subjects with nonspecific serum reactivity to EBNA, the final study population consisted of 340 NHL cases and 662 controls. Of these, 319 cases (94%) and 629 controls (95%) were EBV seropositive. Cases and controls were similar with respect to potential NHL risk factors, with the exception that cases were more likely to be overweight than the controls ( Table 1 ). The subgroup of EBV-seropositive cases and controls had a similar distribution of these risk factors, and of NHL histologic subtype, to the full study sample.
On the basis of the conditional logistic regression analyses, no association was observed between EBV serostatus, elevated EBV antibody titers, or an EBNA-1/EBNA-2 ratio Յ 1.0 and risk of all NHL. In simple models that adjusted for the matching factors only, RRs ranged from 0.97 (95% CI, 0.66-1.42) for anti-EA to 1.27 (95% CI, 0.84-1.93) for anti-VCA and were thus not consistent with strong positive associations with NHL risk (Table 2) . Height, body mass index, smoking history, and polychlorinated biphenyl concentration did not appear to be important confounders of the observed associations in multivariable models (data not shown).
Effect estimates for elevated antibody titers against EBNA-2 and EA and a low EBNA-1/EBNA-2 ratio were similar for men and women when computed separately by sex (all P values for interaction Ͼ .45). We observed a suggestive positive association of NHL risk with elevated anti-EBNA-1 among women only: the multivariable RR was 1.61 (95% CI, 0.92-2.83) for women and 0.78 (95% CI, 0.49-1.25) for men (P for interaction ϭ .047). In contrast, elevated anti-VCA titers were associated with a nonsignificant 50% increase in NHL risk among men with no apparent risk in women (multivariable RR in men: 1.50; 95% CI, 0.80-2.81; RR in women: 0.88; 95% CI, 0.48-1.61; P for interaction ϭ .16). Sensitivity analyses excluding the assay batch with poor reproducibility in the QC samples did not materially change the findings (data not shown).
In analyses stratified by time to diagnosis, no clear difference was observed between earlier (ie, Ͻ 5 years) and later NHL in the risk association with pattern of EBV antibody response (Table 3) . In general, elevated EBV antibody titers were not associated with risk of NHL in either time period. In the early time period, there was a suggestion of a nonsignificantly increased risk of NHL associated with an EBNA-1/EBNA-2 ratio Յ 1.0 (RR, 1.54; 95% CI, 0.85-2.79), whereas no association was observed in the later time period (RR, 0.95; 95% CI, 0.68-1.34). There was no evidence 
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BLOOD, 4 NOVEMBER 2010 ⅐ VOLUME 116, NUMBER 18 For personal use only. on April 12, 2017. by guest www.bloodjournal.org From of statistical interaction by time period for any EBV antibody variable considered (all P values for interaction Ͼ .20). EBV seronegativity was not associated with risk of NHL diagnosed Ն 5 years after blood draw. The apparently strong and statistically significant increase in risk of an earlier NHL diagnosis in EBVseronegative persons was based on very small numbers and warrants cautious interpretation. Of note, there was no evidence of statistical interaction of EBV serostatus with follow-up time (P ϭ .38; Table 3 ). We also found no evidence of effect modification by age at diagnosis (data not shown).
In analyses to explore heterogeneity in the associations of EBV antibody variables with NHL risk by major histologic subtypes (ie, CLL/SLL, DLBCL, and FL), we observed suggestive increased risks of CLL/SLL (RR, 2.09; 95% CI, 0.90-4.86) and DLBCL (RR, 2.38; 95% CI, 0.98-5.76) among EBV-seronegative persons compared with EBV-seropositive persons, although those results were based on small numbers of EBV-seronegative cases (Table 4) . Risk of DLBCL did not appear to be associated with category of any EBV antibody titer. For CLL/SLL, suggestive associations of risk with several EBV antibody variables were noted, including elevated anti-EBNA-2 (RR, 1.74; 95% CI, 0.99-3.05), elevated anti-VCA (RR, 1.58; 95% CI, 0.79-3.14), and low EBNA-1/ EBNA-2 ratio (RR, 1.52; 95% CI, 0.91-2.55). Elevated anti-EBNA-1 was the only antibody category to show a suggestive association with FL risk (RR, 1.80; 95% CI, 0.95-3.44). There was no evidence of statistical heterogeneity in effects by subtype, however (all P values for heterogeneity Ͼ .05). Statistical power was limited for the subtype-specific analyses.
When examined separately by sex, the base 2 logarithm of the reciprocal of the titer was not associated with NHL risk in men or women for any EBV antibody. In analyses with men and women combined, the multivariable RRs of all NHL associated with a 4-fold difference in antibody titers ranged from 1.00 (95% CI, 0.88-1.14) for anti-EBNA-1 to 1.09 (95% CI, 0.91-1.31) for anti-VCA and thus did not suggest a strong positive association for increasing titer of any antibody. Evaluation of restricted cubic splines did not suggest any nonlinearity in the associations of EBV antibody titers with NHL risk (data not shown). Consistent with the observation that elevated anti-EBNA-2 titers were positively associated with risk of CLL/SLL when the dichotomous (elevated vs not elevated) variable was modeled, a 4-fold increase in anti-EBNA-2 titer was associated with a significant 38% increase in risk of CLL/SLL (RR, 1.38; 95% CI, 1.04-1.83; P for trend ϭ .03). A comparable increase in anti-EBNA-2 titer was not associated with risk of DLBCL or FL (RR DLBCL , 0.95; 95% CI, 0.70-1.29; RR FL , 0.83; 95% CI, 0.60-1.15). The test for heterogeneity by subtype in the association of NHL risk with anti-EBNA-2 EBV indicates Epstein-Barr virus; NHL, non-Hodgkin lymphoma; EBNA, EpsteinBarr nuclear antigen; VCA, viral capsid antigen; EA, early antigen; RR, rate ratio; and CI, confidence interval.
*Conditional logistic regression models adjusting for the matching factors (sex/study, age, race, month and year of blood draw, fasting status).
†Among EBV-seropositive subjects only.
titer was statistically significant (P ϭ .04). There was no evidence of a linear trend in the associations between the other EBV antibodies and risk of CLL/SLL, DLBCL, or FL when evaluated on the base 2 logarithmic scale, and the corresponding tests for heterogeneity were nonsignificant (all P values for heterogeneity Ͼ .20; data not shown).
Discussion
In this prospective study of apparently immunocompetent men and women, we observed no associations between EBV serostatus; elevated antibody titers against EBNA-1, EBNA-2, VCA, or EA; or a low EBNA-1/EBNA-2 titer ratio and risk of NHL overall. These results are in contrast to several retrospective [15] [16] [17] and prospective [12] [13] [14] case-control studies that have reported positive associations between elevated EBV antibody titers and risk of NHL in nonimmunosuppressed populations. Specifically, Mueller et al found that NHL cases were more likely than controls to have elevated levels of IgG against VCA (RR, 2.5; 95% CI, 1.1-5.7) measured an average of 5 years before diagnosis. 12 These investigators also reported a nonsignificant lower risk of NHL associated with either high or low titers against the EBNA antigens. 12 Lehtinen et al 13 observed a nonsignificantly increased risk of NHL associated with elevated anti-EA IgG and anti-EBNA-1 IgG levels in a case-control study nested within a cohort of 39 000 Finnish adults; however, only 11 cases occurred during the 12 years of follow-up. 13 Rothman et al reported an elevated risk of NHL among persons who were seropositive for anti-EA IgG measured in a prospective analysis (OR, 2.6; 95% CI, 1.2-5.9). 14 Two retrospective case-control studies from Sweden also showed that NHL cases were more likely than controls to have elevated titers of IgG antibodies against EA and VCA, with RRs ranging from 1.6 to 2.4 15, 17 ; however, statistical significance was evident only for the effect of anti-EA titers above the median in the more recent of the 2 studies (OR, 2.4; 95% CI, 1.3-4.3). 17 Finally, a recent analysis in the EPILYMPH study found that "abnormal" EBV antibody reactivity profiles, as defined by immunoblot analysis, were associated with increased risk of all B-cell lymphomas (OR, 2.88; 95% CI, 2.16-3.85). 16 In subgroup analyses, we observed a nonsignificant increased risk of NHL associated with elevated anti-EBNA-1 titer in women only. However, there was no difference by sex when considering the EBNA-1/EBNA-2 ratio, which may be a better indicator of an altered host response to EBV. 3 A positive association between elevated anti-VCA IgG and risk of NHL was suggested for men but not women. Interestingly, Mueller et al reported the opposite finding for anti-VCA IgG. 12 Although immune function is known to differ by sex, 30 we are not aware of any biologic reason why EBV antibody titers should be differentially related to lymphoma risk by sex. Moreover, there was limited evidence for statistical interaction; therefore, the sex-specific findings could be due to chance. Mueller et al also reported stronger associations between EBV antibody profiles and NHL risk with increasing age. 12 In the current study, we found no apparent differences by age group. In contrast to a prior report of differences in antibody titer associations by interval to diagnosis, 12 we found no conclusive evidence that a given EBV serologic pattern predicts longer-or shorter-term NHL risk.
Recent evidence suggests etiologic heterogeneity among NHL subtypes. 31 We were able to explore the association between pattern of EBV antibody response and risk of CLL/SLL, DLBCL, and FL. In these analyses, we observed suggestive evidence of an increased risk of CLL/SLL associated with elevated titers against EBNA-2 and VCA and an EBNA-1/EBNA-2 ratio Յ 1.0. This EBV serology profile could reflect enhanced viral replication or relatively poor host control of infection. 3, 8 By contrast, associations between EBV antibodies and risk of DLBCL or FL were largely null. We had no a priori hypotheses about which subtypes, if any, might be associated with a given EBV antibody pattern. Severe immune deficiency For personal use only. on April 12, 2017 . by guest www.bloodjournal.org From appears to increase the risk of many types of NHL and particularly of NHL tumors in which latent EBV infection can be detected. 32 In contrast, recent studies of polymorphisms in genes involved in immune regulation (eg, tumor necrosis factor, interleukin-10) suggested that subclinical immune dysfunction may be more important in the development of DLBCL than CLL/SLL and FL. 31, 33 Mueller et al reported no differences in effects of EBV serology for diffuse versus follicular histology. 12 Although based on small numbers, our suggestive findings of EBV antibody responses that are believed to be indicative of poorly controlled infection preceding the diagnosis of CLL/SLL are consistent with results from the recent case-control study by de Sanjosé et al 16 in which the strongest association with an abnormal immunoblotdefined pattern of EBV antibody reactivity was for CLL/SLL (OR, 2.96; 95% CI, 2.22-3.95). Compared with DLBCL and FL, which arise from germinal center or post-germinal center B cells, CLL/ SLL is typically characterized by a more indolent disease process and is thought to arrive from naive or memory B cells. 34 As discussed, the published literature on EBV antibodies and risk of NHL is somewhat inconsistent, with different antibody patterns reported to be associated with increased NHL risk by different studies. Possible reasons for discrepancies in results might include differences in laboratory assays, differences in study design (ie, retrospective vs prospective analyses), or limited statistical power due to relatively small study populations. Importantly, the associations may differ by histologic subtype of NHL.
If the observed associations between EBV serologic profile and NHL are indicative of a causal role for EBV in the pathogenesis of NHL, one proposed biologic mechanism for this effect would involve immune system dysregulation (eg, EBV-driven lymphoproliferation). As noted, severe immune deficiency is one of the strongest identified risk factors for NHL. It is plausible that a state of prolonged, subclinical immunosuppression or perturbations of immune function could also confer excess risk. 32 In support of this hypothesis, strong evidence of multiplicative interaction between serologic markers of EBV infection and elevated concentrations of organochlorines, which are known to be immunotoxic, has been reported in 2 studies. 14,15 EBV infection has also been causatively linked with risk of autoimmune diseases, such as systemic lupus erythematosus, 35 which itself carries a 5-to 8-fold increased risk of NHL. 36, 37 Given these observations, it is possible that both autoimmune diseases and NHL could be uncommon consequences of EBV infection. However, whether EBV infection (with or without IM) induces an immunosuppressive state in some persons or whether EBV antibody pattern is a nonspecific marker of underlying immune dysfunction (eg, loss of immune control of latent infection) could not be evaluated in this study and remains an important question about lymphomagenesis. Lack of information about the timing of EBV infection or history of IM, which could help answer this question, is a potential limitation of this study. However, most people in the United States are infected with EBV before or during adolescence or young adulthood. 38 We found no clear differences in associations when stratifying by age or time to diagnosis.
A main strength of this study is its prospective nature. Because the development of NHL itself leads to altered immunity, the possibility that B-cell proliferation induces EBV reactivation, leading to altered antibody patterns, cannot be ruled out in retrospective studies. Only 3 prospective studies on the association between EBV serology and NHL in previously healthy persons have been published to date. [12] [13] [14] All 3 reported positive associations between elevated EBV antibodies and NHL, but the specific serologic patterns associated with risk differed among the studies. These investigations were also based on small numbers of cases, with 104 cases in the largest prospective study. 12 With Ͼ 3 times that number of cases in the present analysis, we had a unique opportunity to evaluate possible differences in association of an EBV antibody pattern with NHL risk by major histologic subtype. Overall, we found no clear evidence that EBV serologic profile predicts risk of NHL in immunocompetent persons, with the possible exception of CLL/SLL. The overall lack of association, however, does not rule out a possible association of other NHL subtypes with EBV among susceptible subgroups. Evaluation of potential interactions between EBV infection and other environmental exposures, such as organochlorines, or polymorphisms in immune regulation genes, may help to clarify the association and to elucidate a biologic mechanism, if any.
